ABSTRACT. To evaluate the effects of a new synbiotic consisting of Lactobacillus casei subsp. casei (Lcc) and dextran (Dex) on milk production, a total of 58 Holstein dairy cows, which became pregnant and gave birth to calves at regular intervals and lactated steadily and continuously, were selected. The study had a completely randomized design, and the animals were divided into two groups. Group A was fed with a basic diet only, and Group B was fed with a basic diet supplemented with the synbiotic consisting of freeze-dried Lcc 
Recently, probiotics [2, 3, 5, 10, 16, 21, 23] and prebiotics [4] have gained attention for their role in controlling infectious diseases and improving productive performance in calves. Generally, lactic acid bacteria are well known probiotics and are used as growth promoters to prevent intestinal infections by pathogenic bacteria, decrease stress, and stimulate host immune response [7] . On the other hand, nondigestible food ingredients are called prebiotics, and these enhance growth of lactic acid bacteria in the host intestine [8] . For example, fructooligosaccharide, xylooligosaccharide, galactooligosaccharide and dextran (Dex) are widely known and commercially available. In particular, Dex, which is a glucose polymer and well known as a plasma expander, has recently been under investigation as a prebiotic. Dex is not digested by the gastric juices and in the calf rumen, so that unaltered Dex is thought to reach the intestine and promote the growth of lactic acid bacteria in this organ. More specifically, it has been reported that when Dex is mixed into feed it improves milk production in Holstein dairy cows during hot and humid seasons in Japan [22] inhibits Salmonella contamination [6] and prevents diarrhea while increasing weight gain in calves [17] .
Furthermore, the new concept of "synbiotics" is gaining acceptance. This refers to a combination of live bacteria (probiotics) and their specific substrate (prebiotics) [8] . It was reported that Lactobacillus casei subsp. casei JCM 1134 T (Lcc) uniquely and specifically utilizes Dex, and that a new synbiotic of Lcc in conjunction with Dex enhances humoral and cell-mediated immune responses in mice [13, 14] and chickens [15] .
The purpose of this study was to evaluate whether the new synbiotic, probiotic Lcc, and its prebiotic Dex in combination, consistently improved milk production in Holstein dairy cows throughout the year.
The experiment was carried out at a stock farm in Gifu Pref., Japan from July 2004 to August 2005. For this study, 58 Holstein dairy cows that continuously produced milk for no less than three months after delivery in July 2004 and which became pregnant and gave birth to calves at regular intervals and lactated steadily and continuously were selected in order to minimize the effects of differences in the lactation phase. They were divided into two groups. Group A (28 cows) were fed a basic diet only and Group B (30 cows) were fed the basic diet supplemented with the synbiotic consisting of freeze-dried Lcc combined with mixed feed containing Dex. For Groups A and B respectively, weights were 678.4 ± 15.4 kg and 680.3 ± 3.6 kg; ages 62.6 ± 5.1 months and 55.3 ± 2.8 months; parturition 3.0 ± 0.3 times and 3.2 ± 0.2 times (Table 1) . Data were expressed as mean ± standard error of means. Both groups were fed a * CORRESPONDENCE TO: Dr. FUKATA, T., Gifu University Veterinary Medical Teaching Hospital, Faculty of Applied Biological Sciences, Gifu University, 1-1 Yanagido, Gifu 501-1193 Japan. Statistical differences between Groups A and B were determined using Microsoft Excel (Microsoft-Japan, Tokyo) and Statcel (OMS, Saitama), and the t-test or the Mann-Whitney U test depending on the distribution pattern of the data.
Milk yields of Group B were increased after supplementation with the synbiotic, and were continuously maintained at a high level. There were significant differences (p<0.01 or p<0.05) in the data collected for Groups A and B (Fig.  1A) . It is noteworthy that the milk yields for Group A underwent the usual seasonal changes. In terms of milk components, these were present in higher amounts in Group B than in Group A (Fig. 1B-D (Fig.  1E) .
It has been observed that the milk production of dairy cows decreases markedly due to the effects of heat and humidity stress [12, 20] . However, we previously reported that this mixed feed containing Dex could improve milk production in Holstein dairy cows by decreasing stress during summer in Japan when it is particularly hot and humid [22] . It was also shown that Dex was useful as a prebiotic in decreasing heat and humidity stress. However, theoretically, if only prebiotics are administered into the intestine, there are no effects in the absence of beneficial bacteria capable of utilizing the prebiotics. Conversely, if only probiotics are administered into the intestine, this creates competition for nutrients with other bacteria. It is obvious that prebiotics and probiotics are interdependent. Accordingly, we investigated what kind of beneficial bacteria acting as probiotics could utilize Dex, and found that Lcc could uniquely utilize Dex. Furthermore, the unique and specific combination of Lcc and Dex as a synbiotic had oral immuno-adjuvant activity in mice [13, 14] and laying chickens [15] . When Lcc was orally administered with Dex to the mice, Lcc was specifically detected in the intestine and total lactobacilli in the intestinal microflora were significantly increased. This showed that by utilizing Dex, Lcc was able to colonize the intestine, and stimulated various immune responses in the host.
We evaluated effect of a new synbiotic consisting of probiotic Lcc and its prebiotic dextran on milk production in Holstein dairy cows. In particular, we measured somatic cell counts as a marker for immune-adjuvant activity of the synbiotic. It was demonstrated that milk yield and milk components were improved throughout the year, as compared with that Dex improved milk yield in hot and humid seasons only [22] . Furthermore, cows fed the synbiotic (Group B) consistently showed low somatic cell counts, while the somatic cell counts of cows fed the basic diet only (Group A) were higher. It was found that mastitis rarely occurred in Group B but that it was common in Group A. It has been observed that probiotics bring about a positive change in the bovine intestinal microflora, reduce the incidence of infectious diseases [1, 16, 21, 23] , and that somatic cell levels are closely correlated with mastitis in dairy cows, so that high somatic cell counts indicate an increased likelihood of mastitis occurring [11, 18] . Furthermore, it is said that heat stress in hot seasons increases somatic cell counts [9] and cooling induces relief from stress [19] . Accordingly, it is suggested that administration of probiotics in conjunction with specific prebiotics encourages colonization by probiotics and improves microflora in the intestine, and, as a result, induces higher milk yields and higher levels of desirable milk components. It also stimulates immunity, decreases heat stress, prevents infection by pathogenic bacteria, and reduces the incidence of infectious diseases in the host. Collectively, the actions of the synbiotic appear to have a prophylactic effect and inhibit the development of mastitis.
In this study, the reason milk production was improved by the synbiotic appears to be a result of a positive change in the bovine intestinal microflora, a reduction in the incidence of infectious diseases, and a decrease in some forms of stress. We conclude that this new synbiotic, Lcc in combination with Dex, can improve milk production in Holstein dairy cows throughout the year. casei JCM 1134 T (Lcc) and supplemental dextran (Dex) on yields and components of milk. Group A is control (open circle). Group B is test fed the basic diet supplemented with the synbiotic consisting of freeze-dried Lcc and Dex (closed circle). Panel A, B, C, D and E show milk yield, total fat, total protein, total solid-non fat and somatic cell count, respectively. Data are shown as mean ± standard error of mean (S.E.M.). The mean values were significantly different from Group A (* p<0.05, ** p<0.01).
